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&) Method of manufacturing semiconductor devices comprising isolating regions.

€) After filling isolation grooves (12) with a filling
material (15), this filling material is etched by the use

of a double-layer film (16, 17) which is made of sub- 15

stances different from each other. SN 77
Side etching of the lower film (16) of the double- R ; 10

layer film and etching of the filling material (15) are 16 . : 19

alternately performed in such a manner that each etch- Voo - /\ N

ing is carried out two or more times. Thus, the upper 13 Z

surface of the filling material contained in each groove ! 13 -7

@\ can be flattened, to improve the reliability of wiring
< formed over the upper surface.
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METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE

The present invention relates to a method of
manufacturing a semiconductor device. More particularly, it
relates to a method of manufacturing a semiconductor device
the respective elements of which are isolated by grooves.

A semiconductor integrated circuit includes large
numbers of active elements and passive elements such as
transistors, diodes and resistors. Since these elements are
all formed within one semiconductor substrate, they need to
be electrically isolated from one another.

In order to achieve electrical isolation of the
respective elements formed in the substrate, several methods
have been proposed. Among them, a method called "pn-
junction isolation" has heretofore been employed most
extensively.

This method exploits the fact that a pn-junction
exhibits a high resistance when reverse-biased. It consists
in forming pn-junctions between the elements so as to
isolate the respectively adjacent elements.

As stated above, pn-junction isolation has heretofore
been the most common expedient for isolating the elements in
semiconductor devices. Since, however, it involves such
problems as requiring a large area and having large
parasitic capacitances, it is difficult to use in a semi-
conductor device having high packaging density.

In order to solve such problems, a method called
"groove isolation" has been proposed.

This method consists is forming grooves, for example,
U-shaped or V-shaped in section, within the semiconductor
substrate so as to isolate the respective elements by means
of the grooves. It includes two cases: one case where the
groove is entirely filled up with an insulator, and the

other case where an insulating layer is formed on the side

surface and bottom surface of the groove and where the
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remaining part is filled with polycrystalline silicon or the
like. (Hereunder, isolation employing U-shaped or V-shaped
grooves will be termed "U~groove or V-groove isolation" in
this specification.)

As compared with the aforementioned pn-junction
isolation, this groove isolation has varicus merits such as
a small area requirement, small parasitic capacitances and a
large isolation voltage. However, it involves the following
problems, the solutions of which are eagerly desired.

In U-groove isolation, it is common practice to adopt
a method in which, as illustrated in Figure 1, a groove or
recess is formed in a semiconductor substrate 1 in édvance,
a deposit material 2 such as an insulator or polycrystalline
silicon is deposited on the whole surface of the substrate
by a well known process such as CVD (chemical vapor
deposition), a mask 3 covering the groove is formed and the
film of the deposit material 2 is chemically etched. (When
employing polycrystalline silicon as the filling material 2,
as will be described later, the bottom surface and side
surface of the groove are covered with a thin insulating
film, whereupon the polycrystalline silicon is deposited to
£ill up the groove. In order to facilitate understanding,
however, the formation of the thin insulating film is not
explained here.)

When the filling material film 2 is etched in the
above method, a bulge 4 of the filling material appears at
an end part of the groove and results in an uneven upper
surface above the groove as illustrated in Figure 2.
Especially, when the mask 3 for the selective etching
deviates from the pattern of the substrate, there is the
disadvantage that the bulge 4 becomes still larger.

When a wiring run is formed on such a bulge, it is
liable to disconnection due to the bulge. It is therefore
difficult to form a semiconductor integrated circuit having

high reliability.



10

15

20

25

30

3" 0068679

Accordingly, a method which can fill up the groove or
recess provided in the semiconductor substrate and provide
a flat upper surface is very desirable. Preferably such a
method should be able to fill up a groove of any desired
width and produce an upper surface having a good degree of
flatness.

Briefly, the present invention employs a double-layer
film made of different materials as an etching mask for a
filling material contained in a groove, and it etches the
filling material while side-etching the lower layer film,
thereby to prevent a bulge from appearing.

More specifically, the invention provides a method of
manufacturing a semiconductor device, comprising the steps
of

(1) forming grooves in a major surface of a semi-
conductor substrate,

(ii) depositing a filling material on the surface of
the substrate, filling the grooves,

(1ii) forming a film over the grooves, and

(iv) etching the filling material using said film as a
mask, to remove filling material outside the grooves,

characterised in that in step (iii) two films are
formed of materials different from each other,

that the method includes a step of side-etching the
lower said film,

that in step (iv) the filling material is etched using
said lower film as a mask,

and in that the steps of side-etching the lower film
and etching the filling material are repeated at least once

more.
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Preferred embodiments of the invention will now be
described, with reference to the accompanying drawings,
wherein:

Figures 1 and 2 are sectional views of a semiconductor
substrate showing a prior-art method of forming an isolation
groove;

Figures 3a to 3f are sectional diagrams showing the
steps of a first method according to the present invention;
and

Figures 4a to 4c are sectional diagrams for explaining
a second method according to the present invention.

Embodiment 1

Figures 3a to 3f show the steps of manufacture in an

embodiment of the present invention.
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As shown in Figure 3a, a collector buried layer (0.5-1.5 um
thick) 8 was formed in the surface of a Si substrate 7 hy a
well known expedient such as ion implantation and thermal
diffusion. A Si epitaxial layer ( 1 - 2 ym thick) 9 was
formed on the layer 8 by the well known vapor epitaxial
growth technique , whereupon its surface was thermally
oxidized to form a SiO, film (100 nm thick) 10. Further,

2
Si_ N, film (100 - 300 nm thick) 11 was formed on the film 10

by3tie well known CVD process.

Subsequently, using the well known photoetching
technique, the Si3N4 film ll.was patterned to remove parts
corresponding to grooves to be formed, and the exposed parts
of the SiO2 film 10 were etched and removed. Next, using a
dry etching technique such as reactive sputter etching, Si
was etched to form the deep grooves 12 (2 - 4 ym deep) which
reached the substrate 7 by penetrating the Si epitaxial
layer 9 as well as the collector buried layer 8 (Figure 3b).
Under this state, an impurity of the conductivity type
opposite to that of the buried layer 8 was introduced into
the bottoms of the grooves 12 by ion implantation in order
to prevent the occurrence of channels. As shown in Figure
3c, the surfaces of the grooves 12 were oxidized to form a
Si0, film (200 - 600 nm thick) 13. After the remaining

2
Si,N, film 11 was etched and removed, a Si.N, film (100 -

208 im thick) 14 was formed on the whole sirgace of the
resultant substrate again. Subsequently, polycrystalline Si
15 was deposited to a thickness approximately equal to the
depth of the grooves 12 so as to fill up the grooves by the
use of the conventional CVD process, its surface was

2 film (100 - 200 nm thick) 16, and a
Si,N, £film (100 - 200 nm thick) 17 was formed thereon by the

374
CVD process. Next, using conventional lithography, a photo-

oxidized to form a SiO

resist pattern 18 having a device (for leaving parts
corresponding to the grooves) converse to the device of the

grooves was formed.
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Next, the Si3N4 film 17 was etched by employing the

photoresist pattern 18 as a mask, and after removing the

photoresist 18, the exposed parts of the SiO2 film 16 were

etched by employing the remaining parts of the Si3N4 film 17

as a mask. The etching of the SiO, film 16 at this time was

excessively performed to the exteni that the parts of the
SiO2 film 16 underlying the remaining parts of the Si3N4
film 17 were side-etched or laterally etched about 1/5 of
the depth of the grooves.

Subsequently, as shown in Figure 3d, the

polycrystalline Si film 15 was etched down to a half of its

thickness with an etchant such as hydrazine (KOH, NaOH, or a
mixed solution consisting of fluoric acid and nitric acid
may well be employed). Here, the SiO2 film 16 was side-
etched about 1/5 of the depth of the grooves again (Figure
3e).

The polycrystalline Si film 15 was etched again with
the etchant such as hydrazine until the éurface of the
Si3N4 film 14 was exposed so that the polycrystalline
silicon 15 might remain within the grooves only. After the
SiO2 film 16 underlying the pent roof of the Si3N4 film 17
was etched, an SiO2 film (200 - 800 nm thick) 19 was formed
in the surface of the polycrystalline Si 15 within each
groove by thermal oxidation. The Si3N4 film 17 remaining
on the surface of the resultant substrate was removed. The
elements were thus 1solated as showh in Figure 3f.

As seen from Figure 3f, a bipolar LSI thus
manufactured has an improved surface flatness in comparison
with an LSI manufactured by the prior—-art method. Wiring
formed on the upper surface is not liable to disconnection,
and the yield of usable devices rises sharplw

Embodiment 2

In Embodiment 1, the etching of the pochrystalline

Si 15 and the side etching of the Si0O, film 16 used as the

2
etching mask of the polycrystalline silicon 15 were
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alternately performed, such that each etching was executed
twice. A further increase in the number of times of the
etching operations brings forth the merits that the flatness
of the surface can be enhanced and that any step which might
appear is small even when the photoresist 18 has deviated on
account of misregistration in the mask alignment, etc. This
will now be described in detail. Where the etching mask 3
has deviated as illustrated in Figure 4a, the etching of the
filling material 2 by the prior-art method poses the problem
that a very large bulge 4 develops on one side of the groove
as depicted in Figure 4b. 1In contrast, with the preferred
method of the present invention, the bulge becomes very
small and both the sides of the groove can finish up
substantially flat as shown in Figure 4c. Here, Figure 4c
illustrates the sectional shape of polycrystalline silicon
obtained in a case where each of the etching of the
polycrystalline silicon and the side etching of the Sj_O2
film used as the mask was carried out three times. When the
side etching operations are performed a larger number of
times in this manner, the amount of the side etching and the
amount by which the filling material is etched are made
smaller in the later operations. Thus, the occurrence of
the bulge is effectively prevented, and also the occurrence
of a recess ascribable to the retreat of the mask is
prevented. This measure is very effective for realizing the
flattening of the surface.

In this embodiment, polycrystalline Si was used as the
material for filling the groove. The filling material,
however, is not restricted to polycrystalline silicon, bhut
it is of course possible to employ an insulator such as
SiOz, Si3N4 and A1203 or an organic insulator such as "PIQ"
(polyimide isoindoloquinazolinedione, registered trademark
of Hitachi Chemical Co.). RnfeX&m&e,Wh@mSiOz(nonﬂkped,or
P-doped, B-doped, Ge-doped or the like) is employed as the

filling material 15, a double-layer mask for the etching of



10

15

20

25

30

35

0068679

the f£illing material can be used which consists of a lower
layer 16 made of polycrystalline Si and an upper layer 17

made of 813N4, ;
similar to those of the present embodiment. Needless to

and the surface can be flattened by steps

say, however, it is unnecessary to form the SiO2 £film 19 in
this case.

This embodiment has been described as to the case
where the present invention was used for the isolation of a
bipolar IC. The present invention, however, is also
applicable to various cases of flattening grooves or
recesses, e.g. flattening the isolation regions or wiring
conductors of a MOS-IC, and it is very useful.

Now, the applicability of the present invention will
be supplementarily explained. As apparent from Figures 3c
and 34, in the case of a narrow groove, no large step
appears on the surface even when the groove is filled up
with the filling material 15. In this case, the processing
with the prior-art method brings about no hindrance in
practical use.

In contrast, in the case of a broad groove, a step
approximately corresponding to the depth of the groove
develops. Therefore, the occurrence of a large bulge is
inevitable with the prior—art method, and the groove needs
to be processed by the present invention.

When the groove has a width which is less than
approximately double the depth thereof, it can be processed
by the prior-art method.

However, 1if the groove is wider than approximately
double the depth thereof, the present invention must be
relied on.

For example, in the case of a bipolar integrated
circuit of the present day, the depth of each groove for
isolating elements is approximately 3 ym. Therefore, when
the width of the groove is greater than approximately 5 - 6

ym, the upper surface of the groove needs to be flattened by
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the present invention. When the packaging density increases
in the future, it is presumed that the depth of each groove
for isolating elements will become approximately 2 um or so.
In this case, when the groove width is greater than
approximately 4 um, the present invention ought to be

applied.
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CLAIMS:

1. A method of manufacturing a semiconductor device,
comprising the steps of

(i) forming grooves (12) in a major surface of a
semiconductor substrate (7),

{(ii) depositing a filling material (15} on the surface
of the substrate, filling the grooves (12},

(iii) forming a film over the grooves (12), and

(iv) etching the filling material (15) using said film
as a mask, to remove filling material outside the grooves
(12),

characterised in that in step (iiil) two films (16,17)
are formed of materials different from each other,

that the method includes a step of side-etching the
lower said film (16),

that in step (iv) the filling material (15) is etched
using said lower film (16) as a mask,

and in that the steps of side-etching the lower film
(16) and etching the filling material (15) are repeated at

least once more.

2. A method of manufacturing a semiconductor device as
defined in claim 1, wherein said filling material (15) is

polycrystalline silicon.

3. A method of manufacturing a semiconductor device as
defined in claim 2, wherein prior to the step (ii), an
insulating film (13) is formed on surfaces of said grooves
(12).

4. A method of manufacturing a semiconductor device as
defined in claim 3, wherein said insulating film is a double-
layer f£ilm which consists of a silicon dioxide film (13) and

a silicon nitride film (14).
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6. A
defined
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method of manufacturing a semiconductor device as
in any of claims 2 to 4, wherein the upper film (17)
two films deposited in step (iii) is a silicon

film, while the lower film (16) is a silicon dioxide

method of manufacturing a semiconductor device as
in any of claims 2 to 5, wherein said polycrystalline

(15) is etched with an etchant selected from

hydrazine, potassium hydroxide, sodium hydroxide, or a mixed

solution of fluoric acid and nitric acid.

7. A
defined

method of manufacturing a semiconductor device as

in claim 1, wherein said filling material is selected

from silicon dioxide, silicon nitride, aluminum oxide, and

polyimide isoindologuinazolinedione.
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